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ECSU-AASERT Summer Research Project in
Parallel Processing and Computer Visualization

Dr. Linda Hayden. Principal Investigator
Summer 1994

This ECSU-AASERT research project will annually support minority
undergraduates who are not now a part of our program. It will also allow us to
included female and minority precollege students in our summer research training. All
students hired under this research project will be actively involved in computer
science research projects The subareas of their research investigations are
parallel processing and computer graphics/visualization. Each will also
be assigned a computer networking problem to investigate.

i Undergraduate Computer Science majors must be full time ECSU students
with a minimum 2.8 overall GPA, 3.0 GPA in their major courses and
must be recommended by two of their major professors. The
undergraduates will work in the laboratory for 5 hours each day, 5 days

i each week for 6 weeks.
Precollege students selected must have completed a minimum of three credits

of mathematics including geometry and algebra 11. Grades of B or better
in these courses plus recommendation of two science/mathematics teachers
will be required. The precollege students will work in the laboratory for
five weeks, 5 hours each day, 5 days each week. All students, both

Th precollege and undergraduate must be citizens of the United States.
The Instructor for each team will be a member of the ECSU faculty/staff who is

knowledgeable in the subdiscipline. Instructors will work with the students
for approximately 3 hours each day, 4 days each week.

I= Consultants will be available to team members daily via email and may make
-- one visit to the ECSU site.

Assistant Instructors will be graduate students pursing a Masters or Ph.D in
Computer Science. Assistant Instructors will work with the students 5
hours each day. CO

Planned Activities
Trip to the Library of Congress (Washington, DC July 14-17 tenative date) -M
Trip to the NC Supercomputing Center (Research Triangle Park, NC 2-3 days) .
SIGGRAPH Conference (Orlando, Fla. July 25-27, 1994 for CV team)
ADM[ Conference & Georgia Tech. Atlanta, GA (July 21-23 for PP team) •
Lectures by visiting consultants( Sharon Ramsey of Alcoa Aluminum)

Final Research Project Reports

Week I ECSU students work with Instructors
Weeks 2-6 High School Students join the teams

94 11 3 08 3
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I
I Highlights from the '94 AASERT Research Training Program in Parallel

Processing and Computer Visualization. Sponsored by the Office of
I Naval Research and Elizabeth City State University

-II

Sharon Sounders, Senior LaVonna Felton, Recent Graduate

ECSU (CV) I.C. Norcom High School (CV)

I

I

Kuchumbi Hayden, Senior Jackie Hall, Recent Graduate NC
I.C. Norcom High School (PP) School of Math and Science (CV)



Highlights from the '94 AASERT Research Training Project in PP an CV sponsored by
the Office of Naval Research and Elizabeth City Sale University.

NMichelle Brown Emnuealeft) and Siephanie Vavghan (right) Talk with PP

a CV learn vembers in the B lie Room during hutch. Both are grudav
i students in Compuler Science.
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Highlights from the '94 AASERT Research Training Project in PP and CV Sponsored by the Office of 11w,
R~esearch and Elizabeth City State University

Kevin trolman, Dr. Jingyuian Zhang, Denise Edvaxds and
Dr. Linda Hayden and Sharon Saunders attend the AVS Tairnin Workshop held
Michelle Brovn-Emnmnual at the North Carolina Supercomputing Center (NC SC)

Sharon Saunders and Mr
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Parallel Processing
team

Derrek & Connie on BeBop with Coo on the background

Dr. Johnny Houston, Instructor (center) with Michelle Brown
Emmanual, HU Graduate Student (back left)

Team Members: Ervin Howard (left), Connie Sawyer (missing from

photo), Kuchumbi Hayden (right front) and Derrek Burrus (right rear)



Parallel Processing Research Project Description

Refcrencc I abo'ra;tlones for I0'ar;dlel Co il I III I Al h\ ("hiisioplict" II Ncvison, Jones .inid I LurI chI I 'Ilihslrs. 1 994
IS13N )-X672(-47(-2

"The sieve of Eratosthenes has long been a standard benchmark program for
integer operations on a sequential computer. We will develop a parallel prime
number sieve to demonstrate several concepts fundamental to parallel computing.
This example also illustrates a process of parallel program development which
can be usefully applied to many problems.

After defining the problem and a sequential solution, we will begin the
development of a parallel algorithm by analyzing the actions which must be taken
and the order constraints on those actions. This makes it possible to define a
maximally parallel, although impractical, algorithm. We will then develop a
practical algorithm which can be mapped to a network of message passing
processors, a pipeline.

The mapping of the algorithm to the array of processors brings up the
issue of load balancing. We will develop an algorithm for static load-balancing,
allocating the work so that each processor will have about the same amount to do.

We will investigate the performance of the algorithms by measuring the
speedup and efficiency. Amdahl's Law gives theoretical limits on the speedup
which can be obtained from parallel computers. This will lead to a final
refinement of the algorithm based on using an efficient sequential algorithm
within processors while maintaining the pipeline between processors.

The final aspect of algorithm development will be an analysis of
communication issues: 1) Buffering between the processors reduces processor
idle time spent waiting for communication with a neighboring processor; and 2)
The effect of packing the integer messages into larger messages between
processors so as to increase overlapping of communication with computation.

Parallel Processing Team

Instructor: Dr. Johnny Houston

Assistant Instructor: Michelle Brown-Ernmanual

Consultant: Dr. Nan Schuller/Christopher Nevison

ECSU Student 1: Ervin Howard

High School Student 1: Connie Sawyer

High School Student 2: Kuchumbi Hayden

High School Student 3: Derrek Burrus
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Computer
Graphics/Visualization

Team
" Is the Network Up? ..... Can I get to Sun 1?

Ib

Dr. Jingyuan Zhang, Instructor

Stephanie Vaughan, Graduate Student

Team Members: Denisa Edwards
Sharon Saunders
Kevin Tro9nan

LaVonna Felton
Jackie Hall



Comlputer (Graphics/Visualization Piroject Descriptioni
3-1) Modleling -mid~ Viewing

ihe computer visualization i)ro.lect, wvhich students funded under AASERT
will investigate. shall consist of three stages. In the first slage. the student
researchers will be given lectures concerning solid modeling and visualization.
For the solid modeling, they will learn how to represent a solid object using a
edge-based boundary model. They will also be taught how 1o obtain a new object
from an existing one or from scratch using Euler operators. As to visualization,
they will be given the concepts of 3D viewing, shading and texturing

In the second stage, the students will define data structures for a solid
object using the edge-based boundary model and define a subroutine for cach
Euler operator. Then we will use the Euler operators to build a set of primitives
such as cube, sphere. cylinder, cone and torus. We will also tise the Euler
operators to build high level operators like sweeping (including both translational
sweep and rotational sweep), gluing and assembling. After this stage, students
have a simplified solid modeling system based on Euler operators.

IIn thie third stage. students will develop the software for thie Gouraud
shading and Phong shading as well as for the solid texturing. Finally, they will
design objects using the solid modeling system build in the second stage and
visualize these objects using the software developed in this stage.

Visualization/Graphics Team

Instructor: Dr. Jingyuan Zhang

I Assistant Instructor: Stephanie Vaughan

Consultant: Dr. Scott Owens

I ECSU Student I: Sharon Saunders

ECSUI Student 2: Kevi n Trotman

I ECSU Student 3: Denisa Edwards

High School Student I: LaVonna Felton

I High School Student 2: Jackie Hall

I
I
I



I RENDERMAN

RenderMan uses various geometric shapes, such as spheres,

cylinders, and paraboloids itorder to obtain various objects. These shapes

have basic parameters needed.1tadius which is the distance from the

center of the figure, height is the length of the figure, thetainax which is

(ithe distance around the figure, zmax and zinin covers the height of the

figure from the top aml bottomn. (Upstill ;p.12-13)

S In order to move an object created in the rib.file, in rendermatn, the

transformation function is used in the coordinate system. Transformation

Cconsist of three parts: translate, rotate, and scale. Translate concatenates

I a translation onto the current transformation. Translate changes the

location of an object. Rotate turns the object around anl axis. And scale

Schanges the size of an object in the x, y, and z directions. (UpstilI pp. It1-

11*I3)

I 're member of the computer visualization team demonstrated

I several steps in understanding the quadric surfaces and changing the

transformations of a rib.file in RenderMan. THie steps are on the inext

I page.

I
I
I
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A Winning Formula
by C. J. Ilouachens

hie wolien in this story are ill In the seven years 1985 through 1991,

a minhority group so einall that according to a National Research Council

h somle years when iational sta- survey contained in the June 1992 Commis-
tistcs ae gaherd, tere s noone sion on Professions in Science ant] Techno-

tistcso report Professional Women and Alirorities,
in the category at all. These women have 1,887 white men, 470 white women, 27 African-

paid a high price to be counted among American men, and a mere 12 African-American

their small numiber and have beaten the long women In the entire United State.; reported

odds placed against them simply because of having earned a doctorate in mathematics. It

their gender and race. doesn't take more than a knowledge of simple

Martha Brown '89, Linda aayden '89, Joan arithmetic to figure out that AU's four female
SterlinghaBrown"89, anda Eaine Smith"'88 J African-American math Ph.D.s represent a fulliSterling Lamigdon '89, and Elaine Smith '88 one-third of a eyelite club. And with four

Ihold Ph.D).s In mathematics from Americati oetido eyeiecu.Ai ihfu
hamore African-American women currently

University. Their colleague Ann Taylor '8 working on math doctorates at AU, it's clear
earned her AU doctorate in education admnin- the success of those seven years wasn't just
istration with an emphasis on teaching college- a fluke.
level mathematics. Their achievement defies We must be doing something right.
the notion that females should abandon math If you ask Nina Roscher, chair of AU's chem-
in Itmior high school and leave the difficult istry department and a faculty imember since
calculations to men. It rejects the Idea that an 1974, what it is that makes the difference, her
advanced degree is not an attainable goal for cheeks pinken and she says quietly, "Dr. (Mary)
African-Americans, who historically have not Gray and I work hard for women." Gray, a for-
funneled into the graduate school system at mer chair of AU's mathematics and statistics
a rate anywhere near comparable to that of department and a professor there since 1968,
white Americans. is the person most often credited with focus-

It doesn't take more than a knowledge of simple arithmetic

to figure out that AU's female Afrlcin.Ai'netican math Ph.D.s

I'ep MAN h •
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jerk for my first class, who said, 'What University of Cincinnati In 1972 and was

are you doing here? Why don't you stay teaching math and computer science at

home and take care of kids?' But that Elizabeth City University, North Caro-

just made me work harder." Gray has Ilna, when she decided that she really

long been committed to civil, women's, needed a Ph.D. She tried a computer

and human rights, and was elected chair science program at another university

of Amnesty International USA last fall first but encounteed "a lot of frustra-

(see page 7). tion," she says. "[The program was

"Both Gray and Roscher have been in brand new.... Courses weren't in place,
the trenches, and neither is the type to and teachers couldn't give you a curric-

pull punches. Graduate school in math ulum and say, 'Choose from these

_ -:is an arduous and at least three-year- courses. When you do this amount of
tong haul in a woman's prime child- work then you will take your comps

hedring time.. with no guarantees of (comprehensive examinationsi, and so

good jobs, promotions, or tenure at the on.... It was all men, and there was

other end, says Gray. "iTherel Is just just no understanding at all, no role

point-blank prejudice on the part of models there.... I said, this is just not

people in the mathematical community
that women can't do math.... When I
started out thirty years ago they would

wsay it. Now they don't say It, but it still

aie Smih affects their hiring decisions, their pro-

at the District of Columbia's Wilson Iligh motion and tenure decisions," Gray
_'hool, where she teaches awd also directs says. Adds Roscher, "[And! we can't

ne alter-school tutoring project, the Math
err Smith. who alifah aftp th appreciate fully the problems that black

level bor many years. decided that she cotuld women face."
Iseer more kids into math by reaching them But being realistic about all those ,

Shigh school, before they he.in to opt out
hard courseis. "(Our kids are slipping problems Is the first thing AU does

imrqh the cra'ks." shie says. "We have to right. For starters, through networking
Illet 1Ihfml where we lind them and move with professional associations, other

Pin [fil) here." academic institutions, and alumni of

the mathematics Ph.D. program, the

university makes a conscious effort to

Ig AU's commitment to women and attract women to the program who may

inorities in math. Roscher has had have been out of school for a while.

similar success boosting AU's stats for Candidates for the mathematics educa-

omen and minorities with Ph.D.s in tion doctorate must have already
fer own field. earned a master's degree in either math ,

" I I was one of 9 women out of 450 or education. Both Gray and R scher . .. ,

chemistry graduate students" working say that older students tend tooe more

award a 1964 Ph.D. at Purdue Univer- committed to completing the Ph.D. But Joan Sterling Lan.don takes a rare pause
e dat her desk at Bowie State University. Mary-

*lty, Roscher recalls, with a slight tight- they also often have more demands to land, where she is an associate professor of

ening of her lips. "Very unpleasant.... juggle--like spouses and children-and - computer-science. For the past tour years,

certainly has a lot to do with why I are likely to be giving up fairly comfort- Langdon has also served as director of an

IN undergraduate and graduate student train-
Im committed." able earnings in order to take on the ing program at NASA's Goddard Space

Gray claims to have had an easier life of a student again. Flight Center, cosponsored by the center

time in grad school at the University of Linda Hayden had earned a master's and Bowie State. "The 'Dr.' in front of your
name really makes a ditference to NASA,"

kansas. Except, she says, "I had a real of teaching in mathematics from the she says.

AMERICAN



I
able at this time at this institlition." ing that nationally women constitute
I layden settled for a master's degree only 5 percent of math faculties at Pit.D.-
:omputer science instead, as did granting institutions. Two of AU's female
graduate school colleague, Joan math faculty are tenured full professors.

rdng Langdon. But Langdon kept One of those, Nancy Flournoy, is the
king. When she heard about the AU current department chair. "These
igram she says, "I called Linda up in women, who have accomplished so
morning, somewhere like 6 o'clock. much themselves, have served as role
Site listened. She said, 'Okay.' Then models to the students," Bennett says.
! hung up the telephone." "And the commitment of the faculty to
'I rolled over and went back to increasing the numbers of women and
tp," laughs Hayden. minorities has resulted In attracting
'She called me back about an hour those students and seeing them through.
!r. and she said, 'Joan, I really wish I think they realize that they are coin-
a hadn't called me,'" Langdon jokes. ing to a supportive environment."
ien, of course, everything started But supportive, as Joan Langdon
reloping." points out, doesn't necessarily mean
'Joan and I were both very motivat- " coddling. Langdon grew up In South
... and were looking for a placej Carolina during the days of segregation
ere learning the Ph.D.) was do-able and attended an all-black high school.
hin a finite amount of time," Hayden "(The teachersl were not just peachy
)lalns. "We got the impression that if Martha Brvown demon-trates her teacher train- keen and everything that you did was
were dedicated and worked hard, ing workshop leadership style. Brown, supervi- wonderful. They let you know when you
would get It. We didn't mind that.... sor of mathematics for Prince Ceorge's were messing up and they let you knoww('onty. Marvland, schools, oversees curficu-
e I tell my students, 'Put your butt in him and stall development for the county's when you were doing the right thing,"
chair and your head iii the book.'... 17'I kindq(lrarteii tiiolih twelltlhgrade schoo(s, site says. "That is the way it is with
sometimes you can get into situa- a jol) that keeps he'r on the road in Prince(Ieorge's and at conferences around the coon- Mary Gray. Primarily, she madeas where there are a lot of politics try. Nevertheless. she is working part-time on sure that we stayed on track and did

olved. Also, being black women, in another degree... in divinity, at Wesley our work and got out of The American
ces where there is a lot of racism, Seminary. University."
!re are a lot of other undercurrents Langdon remembers a time when
it sort of deter you from your goal. sihe was working on her dissertation
'didn't feel that [when we visited historically black schools, colleges, and and was "really busy" but wanted to go

universities-like Bethune-Cookman- home at Christmas to see her dad. "Dr.
"You don't want to go to a school have enjoyed for many years. For one Gray said to me, 'Go... when you fin-
ere you don't think you are going to thing, they offer strong role models. ish your degree.'" Langdon says her
out of there," says Ann Taylor. At For another, says Elaine Smith, they father laughed and agreed, "Well, you

1hune-Cookman College in Daytona have the reputation of being "far more know, you really should work before
inch, Florida, where she has taught nurturing and supportive of theI stu- you play."
ce 1968 and Is now vice president of dents." Both are factors AU College of "Mary has been a wonderful friend,"
kdemic affairs and dean of the facul- Arts and Sciences dean Betty Bennett says Ann Taylor. "I am not going to say
Taylor knew two faculty members points to In assessing AU's success. that I was happy with Mary all the way
o had gotten doctorates from AU. "The College of Arts and Sciences has throughbecause sometimes she gave
nerican had a track record, as far as always had a large number of women me a fit. But it was all worth It. She was
as concerned, with African-Amern- faculty members," she says. Out of that way because she wanted me to do
is being able to complete their twenty-five women on the math and well and she wanted me to do my
rk." stat faculty, six, or 24 percent, are best."
That's the kind of track record that women-a high percentage consider- Elaine Smith and Gray both acknowl-
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I

I
ge that they b~utted •of science education in the
ads through most of National Science Foundation.

he ten years that Smith Site knows the world of grants
:s working on her cold and since 1981 has used
igree while also teach- that expertise to bring hundreds

ig as an adjunct faculty of thousands of dollars to AU for

[ ember, "There were a more than thirty women and
of things I admire minority graduate students in

ut Mary and still *math, chemistry, and law,
o.... IBut I we are both, through the federal government'sIry strong women, very • Patricia Roberts Harris Fellow-

trong women.... You ship Program. Named for the first

now she didn't take African-American woman toI uch. I didn't take : attain a cabinet position (secre-

uch. I have a mouth. , tary of housing and urban devei-

ie has a mouth. You Linda Hayden 'R5 works out at the blackboard at Elizabeth City University. opment and of health educationFt the picture," Smith N rth Car'olina, where she is a professor in the department of mathematics and welfare under Pres. Jimmy

ys. For Smnith. support ;ir co-m~puter science. I layden recalls graphing functions at home for hours Carter) and to head a U.S. law

so came In the form of as a high school student "becamse they were beautiful to me." Today, in addi- school (at Howard University)
lion to regular leaching duties, she pursue% grants to provide math conferencelassmates-a network gips nhe sw.,I prt osperiricr for a select group of undergraduate math the program provides selected

ay explicitly encour- mnajors she calls I layden s Scholars." graduate schools with stipends

les. for students whose race or gen-

"I would never have der or both have been, in federal

aade it without them." jargon, underrepresented in cer-

ith siys. "Never. I bugged people to time basis. That was not ... a problem tain fields. For mid-career students like

eath. Child, there were spouses who with AU." I layden, whose husband and nine-year-

opped talking to me because I was But the other women were taking old son packed up and moved to Wash-

ling up their husbands so much at time out of their already established ington with her, and Langdon, who,

ght" looking for help with complicat- careers and looked to the university when she came to AU was a single

d concepts. "1 didn't even care because for solid financial help. That's where mother with six-year-old twin girls and

ad to get it, and they were willing to part-time teaching positions and Nina a thirteen-year-old daughter, the

Ip me get it. That is how I survived." Roscher came in. stipends made all the difference.

Says Martha Brown, "The big thing Roscher has spent more than half Make no mistake, for every one of

r me was, [wouldI AU permit part- her career in university administration, these women, getting that Ph.D. was a

e participation in the program? I had particularly in graduate and academic sacrifice. But they have more than gen-

job. I needed a job. And if I [was going affairs, and since 1986, has also held a der and race in common. These women

p get a Ph.D. Il had to do It on a part- part-time position as program director also possess incredible energy-just

I '4

But supportive doesn't ntecessitz4ly ueaid dI ,. e,

tAiiiiim
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Sry pinnin.g one of themn doww on the Creek Park as I drove
elephone alter six o'clock in the morn- home. But I don't know

ijg or before ten o'clock at night-and anybody who gets
another quality, one that perhaps can through a doctorateIest be called tenacity. without shedding a

Says Elaine Smith, "it was a struggle, tear."
honey. It was a long and hard struggle And was it worth It?

Itfrom beginning to end.... I am fond to "I can honestly say
his dlay of telling my students that I got yes. We were up a lot of
my Ph.D. In Perseverance. At some point hours, we were poor,

I just refused to walk away not having we went through a lotIthat piece of paper to show for all the of changes . . but it
time and energy that I knew I had b- was all worth it. It was
already put into It." ,igood move," Langdon

"It was tough for me," says Ann says. NINA Rocur MARY GRAY

LTaylor, who "burned up 1-95 and the "Yes," says Smith.
airlines" between Washington, where "To see the looks on
ishe lived while working on her degree, my students' faces as I
Iand Daytona Beach, where her husband tell them the stories of
is on the faculty at Bethune-Cookman. how I went after that degree and to that alone has been worth It."
" I shed a lot of tears. I can remember hear them ask me why is it that they What with the promotions and the
many an evening leaving the campus call me 'Doctor,' giving them the oppor- job offers, the conferences and the

and crying all the way through Rock tunity to share some of these things, grants, and the recognition that all of
these women have received since earn-

I ing that degree, It would be easy to say
that Smith is just mouthing platitudes.
But that's clearly not her style. What
she Is talking about is Indeed the realI payoff of AU's success ... because the
women in this story believe that every
African-American woman who achieves

that Ph.D. is a new role model for an
elementary school child, or a high

school student, or a college student
who could he in graduate school some-

day and on the way to making sure that

this small group gets bigger faster.

Says Linda Hayden, who has returned

to teaching at historically black Eliza-

-,' ~beth City University, where this past
year 60 percent of the seniors from a

4group she mentored decided to go on
to graduate school, "That's what gets
me up in the morning."

Ann Taylor, vice president of academic affairs and dean of the faculty of Bethune-
C('Wniman College. eft. savors a sweet moment with her former Ph.D. advisor and
mentor, AU professor of mathematics and statistics Mary Gray, following the April 1992
-cevmony In which Taylor received one of the university's first Lodestar awards, recog-
nizing her achievements.
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Linda Bailey Hayden, PH.D.
Mathematics and CS Dept., ECSU 1318 Roosevelt Blvd.
Box 672 1704 WeeKsville Rd Portsmouth, VA 23701
Elizabeth City, NC 27909 (804) 485-0979
(919) 335-3617 fax: (919)335-3487 email: Ihayden@uncecs.edu

EDUCATION
NSF-UFE, COMPUTATIONAL SCIENCE 1993-94, NC Supercomputer Center, Triangle Park,NC
NSF-UFE, PARALLEL PROCESSING 1992-93, Colgate University, Hamilton, NY.
NSF-UFE, COMPUTER GRAPHICS 1990 & 1993, Georgia State University, Atlanta, GA.
NSF-UFE, SOFTWARE ENGINEERING 1990, Georgia State University, Atlanta, GA.
PH.D. MATHEMATICS 1988, A.-erican Univ., Washington, DC.
M.S.. COMPUTER SCIENCE 1983 Old Dominion University, Norfolk, VA.
M.A. MATHEMATICS/EDUCATION 1972 University of Cincinnati, Cincinnati, Ohio.
B.S. MATHEMATICS/PHYSICS 1970 Virginia State University, Petersburg, VA.

TEACHING EXPERIENCE
PROFESSOR OF COMPUTER SCIENCE, 1989-present, Elizabeth City State Univ.
ASSOCIATE PROFESSOR OF COMPUTER SCIENCE, 1988-89, Univ. of the District of Columbia.
ASSISTANT PROFESSOR OF COMPUTER SCIENCE, 1985-88, American Univ., Washington, DC.
ASSISTANT PROFESSOR OF COMPUTER SCIENCE, 1980-85, Elizabeth City State Univ.
ASSISTANT PROFESSOR OF MATHEMATICS, 1979-80, Norfolk State University, Norfolk, VA.
VISITING PROFESSOR OF MATHEMATICS, 1976-78, University of Kentucky, Lexington, KY.
INSTRUCTOR OF MATHEMATICS, 1972-76, Kentucky State University, Frankfort, KY.

PUBLICATIONS. HONORS AND AWARDS
Computer Visualization Session Chair, ACM/SIGCSE'94, Pheonix, AZ.
Consultant, Advance Placement Computer Science Reading, ETS, 1994.
Dissertation and Post-Doctoral Proposal Reviewer, AAUW Washington, DC 1993,94.
Proposal Reviewer, Department of Education, Javit Program, 1998.
Referee, Papers submitted to the 1993 ACM/SIGCSE conference
Presenter, 9th International Conference on Technology and Education Paris, France, 1992
Poster Session Chair, ACM-SIGCSE, 1991 Conference, San Antonio, TX.
Proposal Reviewer, NSF-Instrumentation and Laboratory Improvement Program, 1991.
Proposal Reviewer, NSF-Undergraduate Curriculum and Course Development Program, 1991.
Textbook Reviewer, Pascal: Understanding Programming and Problem Solving. Douglas Nance

author, West Publishers, 3rd Ed. 1993, ISBN 0-314-93304-2.
Textbook Reviewer, Pascal Laboratory Manual. Carol W. Wilson author, West Publishers, 2nd

Ed. 1993, ISBN 0-314-86529-2.
Author (Dr. Mary Gray, second author) of A Successful Intervention Proqram for High Ability

Minority Students. School Science and Mathematics Journal, April 1990.

RESEARCH ACTIVITIES--FUNDED
Dept, of Transportation 1993-4, $80,000 ACM/SIGGRAPH 1991, $5,000
Office of Naval Research 1994-99, $1,216,000 NSA, 1991-93, $74,800
Office of Naval Research 1990-94, $123,400 NSA, 1992-94, $165,900
Sonia Kovalevsky High School Math Day'94 $5000 ACM/SIGGRAPH 1994, $5,000
Egyptian CBE Seed Grant, 1994-95 $47,000
DOE "Successful Partnering with HBCU" Infrastructure, 1994-96, $1,000,O00.0O(pending)
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